To explore the teleconnections between Bangladesh summer monsoon rainfall (BSMR) and sea surface temperature (SST) anomalies over different parts of the ocean have been examined from the years 1961-2008 (48-year). Global NCEP/NCAR reanalysis data of SST have been used at 2 degree by 2 degree grid in this study. A significant positive correlation (0.44) was found between the BSMR and SST over the southwest Indian Ocean (around 30 o S) in the month of February. All other monthly (January to May) correlations were not found to be significant. The SST over the Bay of Bengal was positively correlated with BSMR but not significant. During summer monsoon season the prevailing wind has a south-westerly direction over Bangladesh. The SST over the southwest Indian Ocean is especially important at 30 o -36 o S latitude and 74 o -78 o E longitude to develop the linear regression model to predict summer monsoon rainfall in Bangladesh.
INTRODUCTION
Bangladesh is a small country having an area of about 147570 square kilometers, extends from 20 o 34´ N to 26 o 38´ N and from 88 o 01´ E to 92 o 41´ E. Most of the country is a low plain, with hills in the southeastern and northeastern parts of the country and elevation is about 1-63 m above sea level (Fig. 1) . Bangladesh is a land of rivers. The major rivers are the Meghna, the Padma and the Brahmaputura. The rivers and their tributaries and distributaries drain a vast area of the subcontinent of India, the Himalayan Mountains and the southern part of Tibetan Plateau. These unique geographic features produce distinct climate characteristics over South Asia.
The El Nino-Southern Oscillation (ENSO) is of central importance for prediction purposes because of its global nature, strong signal, interannual time scale, and inherent lag relationship (Parthasarathy and pant, 1985) . ENSO events are accompanied by major changes in the pattern of convection and latent heat release in the tropics. These changes in turn not only affect the tropics but also the mid-latitude atmospheric circulation systems through teleconnections and mechanisms that are only partially understood. The Southern Oscillation (SO) exhibits a spatial signal and a continuous temporal signal.
The Asian monsoon is one of the important components of the coupled ocean-land-atmosphere system. Although in India considerable work has been done on variability of climate and particularly rainfall by analysis of the extensive data sets of the Indian Meteorological Department (IMD) (Parthasarathi and Pant, 1985 , Krishnamurti et al. 1989 , Kumar et al. 1995 , Kripalani et al. 1996 , Kane 1998 , Torrence and Webster, 1999 , the nature of climate variability over other parts of the Indian monsoon regime, such as Bangladesh, Sri Lanka, Nepal and Pakistan is not as well documented. As a result, the Indian monsoon has often been used as a proxy for the Asian monsoon as a whole, even when, other than the northeast part of India, there is no significant correlation between the rainfall over Bangladesh and rainfall over India (Kripalani et al. 1996) . This is creating problems in understanding the broad scale features of the Asian monsoon.
Scientific views about the existence and strength of El Nino and teleconnections with climate anomalies in Bangladesh have been explained by Walker during the 1920s. According to his observations, lower than average atmospheric pressure prevails in the region from Australia to India when higher than average atmospheric pressure prevails in the eastern tropical Pacific Ocean (Walker and Bliss, 1932) . The scientific reason is that air flows from higher pressure regions to low pressure ones. As a result, a huge volume of moisture comes from the Pacific Ocean to Bangladesh and India; due to the prevailing low atmospheric pressure in this area at that time, the moisture laden air rises, causing heavy rainfall in Bangladesh and India. This difference in wind flow is named the Southern Oscillation. It is also called the Walker Circulation.
Research in Bangladesh relating to El Nino has just begun. However, there is evidence of historical interest in El Nino and La Nino in Bangladesh during the ancient era. Hossain et al. (2001) identified that during major El Nino years Bangladesh is usually spared from catastrophic flooding, while during La Nina and moderate El Nino years Bangladesh is often a victim of flooding, particularly in the case of a high positive value of the Southern Oscillation Index (SOI). Similarly, Chowdhury (1994) identified that positive SOI is favorable for the occurrence of floods and negative SOI for drought. There is a very little research on seasonal forecasting in Bangladesh. Among others, Douglas et al. (2001) identified the potential for long range forecasting of flows in the Ganges and concluded that a significant relationship exists between the natural variability of the Ganges annual flow and the ENSO index. Rahman (2013) identified that the nature of ENSO impact on Bangladesh summer monsoon rainfall (BSMR) was opposite to the earlier period but recent period has been increasing positive impact on BSMR. While it has been conjectured that the ENSO-SMR relationship over India has been weakening over the past couple of decades reported by Krishna Kumar et al. (1999) , the present study indicates that the ENSO-BSMR relationship has been strengthening during the recent years. Both these features are unprecedented over India and Bangladesh, and point towards a significant change in the impact of ENSO on the regional climate over South Asia. Singh et al. (2001) revealed that during July to September of the warm El Nino Southern Oscillation (ENSO) phase there is a tendency of increased frequency of monsoon depressions in the Bay of Bengal. An earlier study by Singh and Khan (1999) suggested that some components of interannual variations of Asian summer monsoon have their linkages with the ENSO. Sadhuram and Murthy (2008) found that a positive high and significant correlation occurs between February SST anomaly over eastern Indian Ocean (northwest of Australia) and India summer monsoon rainfall (ISMR). The distribution of SST in the Bay of Bengal as well as Indian Ocean plays a role in determining monsoon rainfall variations. The relationship between the Bay of Bengal SST and the monsoon rainfall in Bangladesh is poorly investigated, particularly with regards to predicting monsoons 1 or 2 months ahead (Salahuddin et al. 2006) . The mechanism of the intensification and the weakening of the monsoon trough over the Bay of Bengal are not fully understood due to lack of proper observational data. In view of the above, the present study to find the relationship between sea surface temperature in the northwest Indian Ocean and summer monsoon rainfall in Bangladesh. Such type predictor (SST) will be helpful to develop the regression model to predict BSMR.
DATA AND METHODOLOGY
The Bangladesh summer monsoon rainfall (BSMR) has been calculated as the area weighted average over the whole country by using 28 rain gauge stations (Fig. 1) during June to September in Bangladesh, which is expressed as the long period average (LPA) during the period 1961-2000 is 1701 mm.
The monthly mean data set of sea surface temperature (SST) of NCEP/NCAR reanalysis has been used as predictor for summer monsoon rainfall (SMR) over Bangladesh in this paper. The SST data set have been taken from the monthly mean NOAA Extended Reconstructed Global Sea Surface Temperature version 2 (ERSST.v2) data at 2 o x 2 o lat. x lon. grid (Smith and Reynolds, 2004) (http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.ersst.html). The above monthly mean SST data set during January to May preceding summer monsoon season and BSMR has been used for the period 1961-2008. Correlation fields between BSMR and monthly mean SST at each grid point in each month have been computed by using Mat Lab software and areas with maximum correlation have been identified. The maximum correlation area is indicated by rectangular box as shown in Fig. 2b .
The significance test is carried out by using Student's t-distribution (Murray, 1972) :
Where r is the correlation coefficient, n is the number of data and (n-2) is the degree of freedom. If t cal > t 0.05 or t 0.01 , the correlation coefficient is significant on the basis of a one-tailed test of Student's distribution. 
RESULTS AND DISCUSSION
Correlations were determined for individual calendar months with lead times up to five months before the summer monsoon season (SMR) of Bangladesh. From up to five months lead time, January through May, a significant positive relationship between Bangladesh summer monsoon rainfall (BSMR) and SST of the southwest Indian Ocean was found in the month of February. All other monthly correlations were not found to be significant. Thus, the correlation was performed between February SST over Indian Ocean and BSMR. Where the same SST region shows a positive correlation with BSMR for different lead times for different months, only the one with the highest positive correlation over the largest area was included in this study. From the Fig. 2 and 3 , it can be seen that January, February, March, April and May SST of the Indian Ocean are positively correlated with BSMR. In this case the February SST was used because it showed the highest correlation over southwest Indian Ocean over large area than the others area.
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International Journal of Ocean and Climate Systems The correlation fields between BSMR and SST anomaly over the Indian Ocean during January to May are shown in Fig. 2 and 3 . SST anomaly in the month of February over southwest Indian Ocean between 30 o -36 o S latitude and 74 o -78 o E longitude is positively and significantly correlated with the BSMR (CC=0.44 and significant at 1% level) and is indicated by the rectangular box as shown in Fig. 2 (b) . The correlations are week over rest of the Indian Ocean and Bay of Bengal. The correlations are insignificant throughout the Indian Ocean and Bay of Bengal during the month of January, March, April and May respectively. Sadhuram and Murthy, (2008) reported positive and highly significant correlation (CC=0.61) between Indian Summer Monsoon Rainfall (ISMR) and February SST anomaly in the northwest Australia region. Clark et al. (2000) also reported insignificant correlations between ISMR and SST during pre-monsoon season (March-May) for the periods 1945-1994 and 1977-1995, respectively. The 21 years sliding correlations between BSMR and the SST anomaly for the period 1961-2008 are presented in Fig. 4 . The correlation (0.44) and significant level (at 1%) are indicated by solid line as shown in Fig. 4 . From the figure, it could be seen that the correlations are strong and stable during the recent years. The correlation between SST index and BSMR are week during the earlier period (before 1979). Clark et al. (2000) also found weak correlations before 1970s and strong correlation during the recent decades which was attributed to the climate change in the Indian Ocean after 1976.
It is evident that SST anomaly in Indian Ocean for the month of February (before pre-monsoon) is playing an important role in BSMR. It may be possible causes warm SST persists before a strong monsoon. In order that SST directly influences the monsoon through evaporation and moisture supply, one would expect the positive correlations to persist through the pre-monsoon season (March-May) leading to the onset of SMR (Figs. 2 and 3) . Webster et al. (1999) and Clark et al. (2000) found that ISMR is strongly correlated with the Indian Ocean SST with a lead time of 3-6 months on Tropical Biennial Oscillation (TBO) time scale. Positive SST leads to the increase of surface moisture (due to enhanced evaporation) and thus a strong monsoon owing to the increased moisture in the region (Chang et al. 2001) . Hence, warm (cold) SST in the Indian Ocean increases (decreases) the local moisture flux during the month of February (before pre-monsoon) and fall preceding summer monsoon, and lead to strong (weak) monsoon. This may be the reason for the observed correlation between BSMR and SST anomaly shown in the present study.
CONCLUSIONS
To explore the teleconnections between Sea Surface Temperature (SST) and Bangladesh summer monsoon rainfall (BSMR) has been studied during the period 1961-2008. Monthly SST data during January to May preceding the summer monsoon season and BSMR for the above period has also been used in this paper. In order to understand and explore the teleconnection, the correlation analysis and significance level are used to analyze the data. There is a significant positive relationship between the BSMR and the SST over southwest Indian Ocean in the month of February (CC=0.44 and significant at 1% level). All other monthly correlations were not found to be significant, although overall positive correlation during January, March, April and May preceding summer monsoon season exists between SST over Indian Ocean as well as Bay of Bengal and BSMR. The February SST over southwest Indian Ocean is important between 30 o -36 o S latitude and 74 o -78 o E longitude to develop the linear regression model to predict BSMR. The correlation between SST over Indian Ocean for the month January, March, April and May and BSMR was found to be insignificant. Salahuddin et al. (2006) reported that a significant positive correlation was found between BSMR and SST over the Bay of Bengal in the month of June and all other contemporaneous monthly correlations were not found to be significant. So far no work has been reported on this direction and aim over Bangladesh. This is the first time work in Bangladesh and it will be helpful to develop the linear regression model to predict BSMR. Temperature in the Indian Ocean International Journal of Ocean and Climate Systems 
